Research strategy for developing key information on bromate's mode of action.
Bromate is produced when ozone is used to treat waters that contain trace amounts of bromide ion. It is also a contaminant of hypochlorite solutions produced by electrolysis of salt that contains bromide. Both ozone and hypochlorite are extensively used to disinfect drinking water, a process that is credited with reducing the incidence of waterborne infections diseases around the world. In studies on experimental animals, bromate has been consistently demonstrated to induce cancer, although there is evidence of substantial species differences in sensitivity (rat>mouse>hamster). There are no data to indicate bromate is carcinogenic in humans. An issue that is critical to the continued use of ozone as a disinfectant for drinking water in bromide-containing waters depends heavily on whether current predictions of carcinogenic risk based on carcinogenic responses in male rats treated with bromate are accurate at the much lower exposure levels of humans. Thiol-dependent oxidative damage to guanine in DNA is a plausible mode of action for bromate-induced cancer. However, other mechanisms may contribute to the response, including the accumulation of alpha2u-globulin in the kidney of the male rat. To provide direction to institutions that have an interest in clarifying the toxicological risks that bromate in drinking water might pose, a workshop funded by the Awwa Research Foundation was convened to lay out a research strategy that, if implemented, could clarify this important public health issue. The technical issues that underlie the deliberations of the workshop are provided in a series of technical papers. The present manuscript summarizes the conclusions of the workgroup with respect to the type and timing of research that should be conducted. The research approach is outlined in four distinct phases that lay out alternative directions as the research plan is implemented. Phase I is designed to quantify pre-systemic degradation, absorption, distribution, and metabolism of bromate and to associate these with key events for the induction of cancer and develop an initial pharmacokinetic (PK) model based on preliminary studies. Phase II will be implemented if it appears that there is a linear relationship between external dose and key event responses and is designed to gather carcinogenesis data in female rats in the absence of alpha2u-globulin-induced nephropathy which the workgroup concluded was a probable contributor to the responses observed in the male rats for which detailed dose-response data were collected. If the key events and external dosimetry are found not to be linear in Phase I, Phase III is initiated with a screening study of the auditory toxicity of bromate to determine if it is likely to be exacerbated by chronic exposure. If this occurs, auditory toxicity will be further evaluated in Phase IV. If auditory toxicity is determined unlikely to occur, an alternative chronic study in female rats to the one identified in Phase II will be implemented to include exposure in utero. This was recommended to address the possibility that the fetus may be more susceptible. One of the three options are to be implemented in Phase IV depending upon whether preliminary data indicated that chronic auditory toxicity, reproductive and/or developmental toxicities, or a combination of these outcomes is necessary to characterize the toxicology of low dose exposures to bromate. Each phase of the research will be accompanied by further development of pharmacokinetic models to guide collection of appropriate data to meet the needs of the more sophisticated studies. It is suggested that a Bayesian approach be utilized to develop a final risk model based upon measurement of prior observations from the Phase I studies and the set of posterior observations that would be obtained from whichever chronic study is conducted.